Relationship between subjective assessment of oral health and medical expenses in communitydwelling elderly persons Objectives: The increasing medical expenses of elderly persons in Japan's rapidly ageing society have become a major concern. It is therefore important to elucidate the factors associated with such escalation. Here, we focused on the relationship between subjective self-assessment of oral health, as an index of general health, and medical expenses (excluding dental repair) under the hypothesis that oral health contributes to general medical expenses. Several studies have shown that oral health status is correlated with general health status among elderly persons. We speculated that oral health status might show a relation with medical costs among elderly persons. However, few studies have investigated this relationship to date. Materials and Methods: Participants were 259 elderly subjects (range: 65-84 years; 120 men, 139 women) residing independently. Subjective assessment of oral health was evaluated by their responses ('Good', 'Not good' and 'Not at all good') on a survey questionnaire. The correlation between subjective assessment of oral health and medical expenditure was analysed using Spearman's rank method, the Mann-Whitney U-test and the Kruskal-Wallis test. Medical expenses were used as the dependent variable in multinomial logistic regression analysis with background and intraoral factors as independent variables. Results: A slight yet statistically significant correlation was observed between subjective assessment of oral health and outpatient treatment fees. Conclusion: The findings revealed that subjective assessment of oral health is significantly and independently related to the medical expenses of community-dwelling elderly persons after adjusting for social background, living environment and physical factors.
Introduction
As of 2008, the life expectancy of women and men in Japan was 86.05 years and 79.29 years, respectively 1 , and the percentage of people aged ‡65 years reached 24.7% 2 . If the aged population continues to increase, the number of people with chronic diseases will grow, suggesting that health care costs will also escalate. Japan spent 34.1 trillion yen on medical costs in fiscal year 2007, and medical costs rose 3.0% (1 trillion yen) above the level of the previous year 3 . In Japan, most people are covered by a universal health insurance system, and increasing medical costs are becoming a serious social problem. Elucidation of the factors associated with escalating health care costs is thus important. Several studies have shown that the status of oral health is significantly related to the status of general health (nutritional status, physical performance, functioning in activities of daily living and mortality) among elderly persons [4] [5] [6] [7] . Therefore, we speculated that oral health status might show a relation with medical costs among elderly persons. However, to the best of our knowledge, only a few studies have investigated the relationship between oral health and medical expenses excluding dental expenses 8, 9 . Self-assessment of oral health, although subjective, is considered a reliable indicator of oral health status 10, 11 , and here we attempted to elucidate the relationship between subjective self-assessment of oral health and medical expenses among community-dwelling elderly persons under the hypothesis that oral health contributes to general medical expenses in addition to general health problems.
Materials and methods
Ethical approval was obtained from the Ethical Committee of Hokkaido University Graduate School of Dental Medicine (Hokkaido, Japan). Written informed consent was provided by each study participant.
Characteristics of the research area and study population
Tomamae is a town located in the north-west district of Hokkaido, Japan. Its main industries are deep-sea fishing, agriculture and dairy farming. Over a 10-day period in July 2004, from among the residents of Tomamae, 334 persons aged ‡65 years and residing independently received a dental health examination sponsored by Tomamae public authority. All subjects were able to attend the oral assessment by themselves. Of these 334 participants, the present study enrolled 259 persons (77.5%), all of whom were members of the National Health Insurance Program.
Survey content
1. Questionnaire items concerning patient background were age, sex, current employment (working or not working), type of household (living alone or with family members), educational background (duration <10 years or ‡10 years) and social interaction (yes or no) including participation in social service groups, sports and other hobbies. 2. Further information was also obtained on chronic systemic diseases (presence or absence of one or more chronic complaints including hypertension, cardiac complaints, diabetes mellitus, cerebrovascular complaints, respiratory tract complaints, renal complaints, articular rheumatism and hepatic diseases). Participants were then classified as having severe disease (heart disease or ‡3 of the complaints stated above), moderate disease (two items or one item excluding hypertension from among the complaints stated above) or mild disease (only hypertension or no complaints). 3. Subjective assessment of oral health was evaluated using the following question: 'What do you think your oral health status is?' The response options were 'Good', 'Not good' and 'Not at all good'.
Oral examination
The intraoral examination was carried out by four dentists at the Graduate School of Dental Medicine, Hokkaido University. Calibration was conducted to ensure close agreement in the assessment of dental and periodontal status. 1. Periodontal status was evaluated using the WHO Community Periodontal Index of Treatment Needs (CPI) and was examined for all participants with at least one recordable sextant. Each participant was classified according to the maximum CPI code into one of the three groups: codes 0-2, code 3 and code 4. 2. The pattern of occluding pairs of natural teeth (Eichner index) was classified into one of the three classes based on the presence or absence of occluding pairs of natural teeth in the four support zones of the bilateral premolar and molar regions. That is, tooth contact in all four support zones (A), tooth contact in one, two or three zones (B1-B3), or in the frontal region only and absence of tooth contact (B4-C).
Medical expenses
Medical expenditure values were obtained from National Health Insurance receipts. The total annual cost for each person from August 2004 to July 2005 was calculated as outpatient treatment fees (excluding dental fees) and hospital fees.
Statistical analyses
The correlations between age, number of natural teeth and medical expenditure were analysed using Spearman's rank method. The relationships between sex, current employment status, educational background, social interaction, CPI code and medical expenditure were analysed using the Mann-Whitney U-test. The relationships between systemic disease, Eichner index, subjective assessment of oral health and medical expenditure were analysed using the KruskalWallis test. Nonparametric tests such as the MannWhitney U-test and the Kruskal-Wallis test were employed because here medical expenditure did not exhibit a normal distribution.
Outpatient treatment fees were classified into three groups: low (¥0-¥199 999), medium (¥200 000-¥399 999) and high ( ‡¥400 000). Fees were used as the dependent variable in multinomial logistic regression analysis in which background factors and intraoral factors were employed as independent variables. These models presented the odds ratio (OR) and 95% confidence intervals (95% CI) for the medium and high outpatient treatment fees groups compared with the low group. p < 0.05 was considered statistically significant. Statistical analysis was carried out using the SPSS statistical package (11.0 J for Windows SPSS, Japan, Tokyo).
Results
Participant background and intraoral factors are shown in Table 1 . The correlations between age, number of natural teeth and medical expenditure are shown in Table 2 . No significant correlation was observed between age, number of natural teeth and both outpatient treatment and hospitalisation fees. Comparisons of mean outpatient treatment fees according to background factors and oral condition are shown in Table 3 . There were significant differences in treatment fees according to sex, current employment status, systemic disease and subjective assessment of oral health. There was no significant difference in hospitalisation fees according to background factors and oral condition. Table 4 presents the results of multinomial logistic regression analysis for outpatient medical fees. Chronic medical conditions and subjective assessment of oral health were significantly related to the level of outpatient treatment fees. The ORs for medium and high outpatient treatment fees compared with low outpatient treatment fees were significantly higher for moderate and severe chronic medical conditions than for mild chronic medical conditions. Comparing subjective assessment of oral health of 'Not at all good' with 'Good', the OR for medium outpatient treatment fees was 5.266 (95% CI 1.489-18.625; p = 0.010) and that for high outpatient treatment fees was 4.502 (95% CI 1.093-18.537; p = 0.037).
Discussion
The present study showed significant relationships between subjective assessment of oral health and annual medical expenses (excluding dentistry) after adjustment for dentition status, demographic factors and chronic medical conditions. Correlations between sex, current employment status and medical expenses were observed, but significant relationships were not established in the multinomial logistic regression analysis. Participation in the present study was dependent upon the voluntary agreement of participants, which resulted in selection bias with respect to oral health concerns. However, the oral health concerns of the participants were considered identical to those of the general elderly population in Japan because the mean expense for dental care in the present study (¥27 940) was almost the same as that reported for persons aged ‡65 years throughout Japan (¥29 800) 12 . However, causal inference is not possible because this study applied a crosssectional design.
Self-assessment of general health has important practical value as a health evaluation index for the elderly 13 . It is related more to prediction of mortality rate rather than being an objective criterion of health 14 . Subjective assessment of oral health is also considered a comprehensive index reflective of oral status, having been accepted in several studies 15, 16 . Further, subjective assessment of oral health also reflects oral function, given our previous findings that there is a relationship with subjective well-being and mastication ability based on self-assessment and that subjective assessment of oral health is related to the status of oral cleaning, temporomandibular disorders and denture fitting in women 17 . Consequently, we focused on subjective assessment of oral health to investigate the relationships between oral health status and medical expenses in elderly subjects.
A large-scale epidemiological survey in Japan conducted by the Dental Association of Hyogo Prefecture showed that the number of teeth was significantly negatively related to annual medical expenditure among elderly persons 4 . However, no significant relationship between the number of teeth and medical expenses was observed in the present study. One reason for this difference may be that the subjects from Hyogo Prefecture were limited to only those patients who required dental care.
It has been hypothesised that subjective assessment of oral health is correlated to the impairment of general health 18 . Furthermore, it has also been reported that the number of times a subject receives medical treatment is influenced by medical needs 19 . Medical need has also been suggested as the primary factor determining outpatient medical expenses 20 . Thus, people who have good subjective assessment of oral health also might have good general health. Accordingly, they are less likely to seek consultation from their family doctor or local hospital, thereby incurring lower medical expenses, compared with subjects with poor assessment of oral and general health.
It has been suggested that subjective assessment of oral health has a significant independent effect on psychological well-being 17 and life satisfaction 21 , while dental health behaviour has been shown to be associated with lifestyle [22] [23] [24] . Elderly subjects who have good psychological well-being and a good quality-of-life tend to find it easier to maintain their overall health. Medical expenditure in such elderly subjects will therefore be low.
It has also been reported that food selection is substantially affected by oral status 25 and that people who consume healthy foods tend to have lower medical expenses 26 . This is because people who have good subjective assessment of oral health also have good oral health status; that is, they have better nutrition 27 , thus giving them stronger resistance to chronic or contagious diseases 28, 29 . Consequently, they may not suffer from medical disorders so readily, which keeps their medical expenses low.
Having a chronic medical condition is considered a major contributing factor to the medical expenses of elderly persons; the present study supports this hypothesis. The relationship between subjective assessment of oral health and medical expenses was established after adjustment for chronic medical OR (odds ratio) and 95% CI (confidence interval) for outpatient medical fees of ¥200 000-¥399 999 and ‡¥400 000 were calculated compared with ¥0-¥199 999. *P < 0.05; **P < 0.01.
conditions. This suggests that subjective selfassessment of oral health is significantly related to medical expenses through mechanisms other than chronic medical conditions. We previously demonstrated that people who have good self-assessment of masticatory ability also have good physical performance 30, 31 . Self-assessed masticatory ability has been significantly related to subjective assessment of oral health 17 . For the elderly, maintaining muscular strength and balance is very important for protection against functional disorders, fragility, risk of falling and physical disabilities 32, 33 . It has also been reported that muscular strength training reduces medical expenses 34 . One could argue that subjective assessment of oral health may therefore be related to the maintenance of physical strength, thus preventing a decline in general health. Consequently, subjective assessment of oral health may be related to a decrease in medical expenses.
Conclusion
We found that, after adjusting for confounding variables, subjective assessment of oral health was significantly and independently related to the medical expenses of community-dwelling elderly persons. These findings suggest that oral health status is an important parameter when elucidating the factors contributing to increased medical expenses among elderly persons.
